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study aimed to investigate the efficiency of quinoa ethanolic extract to ameliorate cardio- 
hemato-toxicity accompanied cyclophosphamide therapy in male rats. After acclimatization, 
adult male Wistar albino rats (160-180g) were randomly divided into four groups (10 animals 
each); the first group included normal rats and served as control, second group included normal 
rats orally administration with 400 mg/kg of quinoa ethanolic extract (QEE) for 4 weeks, third 
group included rats intraperitoneally intoxicated with of cyclophosphamide® (150 mg/kg/week) 
for a similar period, and fourth group included rats intoxicated with cyclophosphamide 4 weeks 
then orally ingested with QEE another four weeks. The obtained results revealed that QEE 
markedly restored the cardiological and hematological deteriorations induced by 
cyclophosphamide®; this was evidenced by the significant reduction in cardiac MDA and NO 
coupled with marked elevation of cardiac GSH, SOD, GPx and CAT. Also, serum CK, LDH, 
TNF-a, IL 18, IL6, cholesterol, triglycerides and LDL were markedly lowered with elevated 
HDL. Hematological indices and hemoglobin derivatives were markedly restored. In 
conclusion, QEE exhibited anti-cardio-hematotoxicities property that may be mechanized 
through the radical scavenging and antioxidant characteristics of its active constituent's 
especially high phenolic content; reflecting a promising potency of QEE as cardio-hemato 
protective supplement. 
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Introduction to the delayed cardiotoxic effects of other anti-neoplastic 
drugs, CPA causes lethal cardiomyopathy within 1-10 


Many anticancer drugs exhibit potentially life-threatening days after first administration of the dose (180-200mg/kg) 


effects on the immune and hematopoietic systems [1]. 
The treatment by mean of chemotherapy is effective for 
treating many cancerous tumors although it exhibits 
adverse effects on normal cells. In particular, this 
treatment may destroy hematopoietic stem cells, thereby 
inducing severe side effects, such as anemia and 
leukopenia. 

Cyclophosphamide® (CPA) is perhaps the most widely 
used anti-neoplastic agent [2]. It is used for the treatment 
of chronic and acute leukemias, myelomas, lymphomas, 
and for bone marrow transplantation [3]. CPA also 
possesses a highly potent immunosuppressant activity. 
Apart from having tumor selective action, it also 
possesses many highly toxic side-effects. Dose-mediated 
cardiotoxicity is one of the most important toxic effects 
[4]. The incidence of fatal cardiomyopathy due to a single 
high dose of CPA is up to 17%, depending on the 
different regimens and patient populations [5]. In contrast 


[6, 7]. The cardiotoxic effects of CPA consist of acute, 
dose-dependent cardiac damage, morphologically 
characterized by necrosis, hemorrhage and later 
development of fibrosis [8]. 

The anti-neoplastic activity of CPA is due to 
phosphoramide mustard, the therapeutically active 
metabolite, which possesses significant DNA-alkylating 
activity [9, 10]. The other metabolite, acrolein interferes 
with antioxidant system producing highly reactive 
oxygen-free radical superoxide radicals and hydrogen 
peroxide [11]. These reactive oxygen species cause 
damage to the inner mitochondrial membrane of the heart 
cells, diminishing the oxygen radical detoxifying capacity 
of cardiac mitochondria [12]. 

Natural products are known to possess wide range of 
biological activity. Flavonoids and polyphenolic 
compounds are the active antioxidant principles found in 
large number of natural products [13]. Quinoa 
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(Chenopodium quinoa) is considered as super food since 
it is a good source of complete protein as it contains all 
nine essential amino acids, unsaturated fatty acids, 
minerals, vitamins, fiber, and antioxidants. It is a pseudo- 
cereal that has been cultivated in the Andean region of 
South America for thousands of years and belongs to the 
Chenopodiaceae family [14]. Its seeds contain significant 
amounts of bioactive compounds, including polyphenols 
(mainly phenolic acids, including vanillic acid, ferulic 
acid, and their derivatives, as well as flavonoids, 
including quercetin, kampferol, and their glycosides) and 
tocopherols (Vitamin E), tocotrienols and carotenoids 
[15]. Previous studies [16] observed that bioactive 
compound of Quinoa could change antioxidant status in 
the organism by preventing oxidative stress and also 
helps to reduce the risk of various chronic diseases risk 
such as anti-inflammatory, immunomodulatory and 
anticarcinogenic [17]. This study aimed to explore the 
ameliorative effects of Quinoa ethanolic extract (QEE) 
against cardiotoxicity and hematopoietic toxicities 
complicated by cyclophosphamide® therapy. 


Materials and methods 
Materials 


Quinoa (Chenopodium quinoa, Family: Amaranthaceae) 
seeds were obtained from Imtenan Health Shop, 
Industrial Area, Obour City, Cairo, Egypt. The seeds 
were identified by special herbalists at Basic Centre of 
Science, Misr University for Science and Technology, 
Cairo, Egypt, and the plant was found carrying a 
taxonomic serial number (TSN 506567). 


Extraction 

Quinoa seeds were washed under running tap water, air- 
dried, and were then powdered mechanically into fine 
powder. Extraction process was carried out according to 
the method of Miranda et al. [18] with slight 
modification. Firstly, samples were defatted twice with 
hexane at sample-solvent ratio of 1:5 (w/v) for 2 min by 
direct sonication. The mixture was then filtered through 
sterile filter paper (Whatman number 42) then the 
supernatant was discarded and the precipitate was dried 
and extracted with absolute ethanol at a ratio 1:10 (w/v) 
for 15 min by direct sonication below 40°C, then filtered 
under vacuum and dried using a rotary evaporator (N- 
1200A, Eyela, Shanghai, China) at 40°C. The resulted 
ethanolic extract was stored at -20°C until further use. 


Determination of total yield 

The filtrate was transferred to a quick fit round bottom 
flask with known weight (W1), freeze dried and weighted 
again (W2) and finally the yield calculated from the 
following formula: 


Extract yield (g/ g crude herb) = (W2 —W1)/W3 

Where, 

W1 is the weight of clear and dry quick fit flask in grams, 
W2 is the weight of the flask after freeze drying in grams 
W3 is the weight of the crude powdered herb in grams 


Determination of radical scavenging (RSA) activity 
by DPPH assay 

Certain amount from the crude extract was dissolved in 
methanol to obtain a concentration of 200 ppm. A volume 
of 0.2 ml of this solution was completed to 4 ml by 
methanol; then 1 ml DPPH solution (6.09 x 10-5 mol/L, 
dissolved in the same solvent) was added. The absorbance 
of the mixture was measured at 516 nm after 10 min 
standing. Also, the absorbance of the reference sample or 
blank (1 ml of DPPH solution and 4 ml methanol) was 
measured. Triplicate measurements were made and the 
radical scavenging activity was calculated by the 
percentage of DPPH that was scavenged according to 
Nogala- Kalucka et al. [19]. 


Determination of total phenolic content 

Phenolic content of the QEE was performed by dissolving 
five mg of the extract in 10 ml mixture of acetone and 
water (6:4 v/v). Then, a sample of 0.2 ml was mixed with 
1.0 ml of Folin-Ciocalteu reagent (10 fold diluted) and 
0.8 ml of sodium carbonate solution (7.5%). After 30 min 
at room temperature, the absorbance was measured at 765 
nm using Cary 100 UV-Vis spectrophotometer. 
Estimation of phenolic compounds as catechin 
equivalents was carried out using standard curve of 
catechin [20]. 


Estimation of reducing power 

Reducing power of the used extract was determined 
according to the method described by Sethiya et al. [21] 
with some modifications. From both extract and ascorbic 
acid, 0.5 ml of different concentrations (50, 100, 200, 400 
and 800ug /ml) was mixed with 2.5 ml phosphate buffer 
(pH 7.4) and 2.5 ml potassium ferricyanide (0.1 M); the 
mixture was kept at 50°C in a water bath for 20 minutes; 
then after cooling, 2.5 ml of trichloroacetic acid (10%) 
was added and centrifuged at 3000 rpm for 10 min. 
Immediately, 2.5 ml of the upper layer of the solution was 
mixed with 2.5 ml distilled water and 0.5 ml of a freshly 
prepared ferric chloride solution (40% w/v). The 
absorbance of sample and standard was measured at 700 
nm. The reducing power was calculated as equivalent to 
ascorbic acid from the reducing power standard curve of 
ascorbic acid. Control blank included mixture 
components without sample or standard. 


Animals and experimental design 

Male albino rats (160-180g) were obtained from the 
Animal Colony, National Research Centre, Giza, Egypt; 
the animals were kept in suitable plastic cages (in a good 
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ventilated and controlled room conditions, 25+2°C and 
12h/12h light/ dark cycles) and maintained on free access 
to food and water for a week before starting the 
experiment for acclimatization; they received human care 
in compliance with the standard institution’s criteria for 
the care and use of experimental animals according to 
ethical committee of National Research Centre (FWA 
00014747); however, this study was approved by the 
same ethical committee. After the animals being 
acclimatized with experimental room conditions, they 
were divided randomly into four groups (10 animals 
each). The first group included healthy animals that fed 
standard diet and intraperitoneally injected with 1 ml 
isotonic saline without any treatments and acting as 
normal control, second group included healthy animals 
that orally administered with 400mg/kg/day of quinoa 
ethanolic extract (QEE) consecutively for four weeks, 
third group included animals that intraperitoneally 
injected with 150 mg/kg/week of cyclophosphamide for 
four weeks and acting as positive control; and fourth 
group include animals that intoxicated four weeks with 
cyclophosphamide then orally administrated daily with 
QEE another four weeks. 


Blood and tissue sampling 

At the end treatment period, rats were fasted overnight, 
and following anesthesia with diethyl ether, 3-5 ml blood 
samples were withdrawn from the retro-orbital plexus 
using heparinized-sterile glass capillaries. Each blood 
sample was divided into 2 portions: the smaller portion 
was taken on heparin for the determination of 
hematological indices and hemoglobin-derivatives, while 
the other portion was cool centrifuged at 3000 rpm for 15 
minutes and the sera were separated and stored at -80°C 
until biochemical determinations as soon as possible. 
After blood collection, the animals were sacrificed soon, 
and then the heart of each animal was dissected out, 
washed in saline, dried, rolled in a piece of aluminum foil 
and stored at -80°C for homogenization and biochemical 
determinations. Another specimen from the heart organ 
was homogenized in ice-cold phosphate buffer (50 mM, 
pH 7.4) to give 10% homogenate (w/v); the homogenate 
was centrifuged at 5000 rpm for 20 minutes to remove the 
nuclear and mitochondrial fractions; the supernatant was 
divided into aliquots and stored at -80°C till the 
determination of the oxidative stress markers in the heart 
tissue. 


Assessment of complete blood count 

Cell blood counter (full automatic -Model PCE — 210 N, 
Japan) was used for measuring of red blood corpuscles 
(RBCs) count (10¢/cm3), Hemoglobin (Hb) content (g/dl), 
hematocrit (Hct) percentage, mean corpuscular volume 
(MCV) (fl), mean corpuscular hemoglobin (MCH) (pg), 
mean corpuscular hemoglobin concentration (MCHC) 


(g/dl), platelets (PLT) count (103/cm3), and total 
leucocytes count (TLC) count (103/cm3). 


Assessment of methemoglobin 

Blood methemoglobin (met-Hb) was determined, as % of 
total Hb, in whole heparinized blood using the 
colorimetric method described by Evelyn and Malloy 
[22]; exactly 0.2ml of the heparinized blood was lysed 
vigorously in 10 ml of a solution containing 4ml of the 
freshly prepared phosphate buffer and 6ml of non-ionic 
detergent solution 1%. After centrifugation at 1000g for 
10 minute; the clear lysate (supernatant) was divided into 
two equal volumes (A&B). The absorbance (D1) of the 
volume A was measured at 630nm, then one drop of 
potassium cyanide solution was added and the absorbance 
(D2) was measured again at 630nm after mixing. One 
drop of potassium ferricyanide was added to the volume 
(B) and the absorbance (D3) was measured at 630nm 
after 5 minutes, then one drop of potassium cyanide was 
added and the absorbance (D4) was measured at 630nm 
immediately after mixing. All measurements were made 
against the reagent blank (buffer and the non - ionic 
detergent in the same proportion in sample). 
Methemoglobin level is then calculated according to the 
formula below. 

met-Hb (%) = [D1x D2/D3 * D4] x100 


Assessment of sulf-hemoglobin 

Sulf-hemoglobin (Hb-S) level was determined, as % to 
total Hb, in whole anti-coagulated blood using the 
colorimetric method described by Van Kampen and 
Zulstra [23]. Mixing 0.1 ml of whole blood with 10 ml of 
non-ionic detergent (2%) solution, and then the 
absorbance (A) at 620 nm was measured. After that, one 
drop of potassium cyanide (5%) was added and the 
absorbancewas recorded at 620 nm and 578 nm after 5 
minutes. The percentage of S-Hb was calculated from the 
equation below. 

S-Hb (%) = 2*[ A620 (Hb-S)/As73 (Hb-O2)] 

Where, Ao20(Hb-O2) = As7s / conversion factor, 

A620 (S-Hb) = A620 total Hb - A620 (Hb-O2). 


Assessment of carboxy-hemoglobin 
Carboxy-hemoglobin (Hb-CO) level (as % to total Hb) 
was evaluated using the method described by Van 
Assendelft [24]. Exactly, 0.1 ml of whole blood was 
diluted in 20ml of ammonia (0.4ml/l) and 20mg sodium 
dithionite was added. Within 10 minutes, the 
absorbencies at 538nm and 578 nm were recorded 
spectrophotometrically. The Hb-Co level was calculated 
from the equation below. 

Hb-Co (%) = [2.44 (As38/As78)] x 2.66. 
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Assessment of oxy-hemoglobin (Hb-O2) 

As the four derivatives representing 100% to total Hb, 
therefore Hb-O2 (%) could be calculated mathematically 
from the formula Hb-O2 (%) = [100 x Met-Hb (%)S-Hb 
(%)xHb-Co (%)]. 


Biochemical determinations 

All the biochemical measurements were carried out using 
Schimadzu spectrophotometer (UV-Vis 1201, Japan). 
Serum ALAT and ASAT activities were determined using 
reagent kits purchased from Human Gesell Schaft fur 
Biochemical und DiagnosticambH, Germany. Lipid 
profile was estimated using kits purchased from DiaSys 
Diagnostic systems GmbH Germany. Serum urea and 
creatinine levels were evaluated using kits obtained from 
Biodiagnostic, Dokki, Giza, Egypt. LDH and CK activity 
was assayed colorimetrically using reagent kits purchased 
from BioVision, South Milpitas, California, USA. 


Oxidative stress markers of heart tissue 

Cardiac GSH and NO levels as well as SOD, CAT and 
GPx activities were estimated using kits obtained from 
Biodiagnostic, Dokki, Giza, Egypt. 


Determination of TNF-a, IL 1B and IL6 

Using ELISA (DynatechMicroplate Reader Model MR 
5000, 478 Bay Street, Suite A213 Midland, ON, Canada), 
serum TNF-a, IL 18 and IL6 concentrations were 
measured using rat elisa kits (SG-10057, SG-10179 and 
SG-10127, respectively) purchased from SinoGeneClon 
Biotech Co., Ltd, No.9 BoYuanRoad, YuHang District 
311112, Hang Zhou, China. 


Determination of heart MDA 

Cardiac MDA (indirect index for lipid peroxidation) level 
was determined chemically according to the method 
described by Ruiz-Larnea et a/. [25]. In this method, 0.5 
ml heart homogenates' supernatant was added to 4.5 ml 
working reagent [0.8 g thiobarbeturic acid dissolved in 
100 ml perchloric acid 10%, and mixed with TCA (20%) 
in a volume ratio 1: 3, respectively]; then in a boiling and 
shaking water bath, the sample-reagent mixture was 
placed for 20 minutes, then carried to cool at room 
temperature and centrifuged for 5 minutes at 3000 rpm. 
Finally, the absorbance of the clear pink supernatant was 
measured at 535 nm against reagent blank [0.5 ml 
distilled water + 4.5 ml working reagent]. Cardiac MDA 
level (nmol/g tissue) was calculated according to the 
formula below. 

MDA (nmol/g tissue) = [{As35* 10° / (1.56 x 105) x 103} 
x AD] x 10. 

Where, 1.56x105 M-'L-!cm-! is MDA extinction 
coefficientand AD is assay dilution (10). 


Statistical analysis 

All data were subjected to one-way analysis of variance 
(ANOVA) using the general linear model procedure of 
the statistical analysis system (SAS, 1982). The 
significance of the differences among different treatment 
groups was determined by Waller-Duncan k-ratio [26]. 
All statements of significance were based on probability 
of p< 0.05. 


Results 


The mean values of yield amount, total phenolic content, 
radical scavenging activity and reducing power of quinoa 
ethanolic extract are shown in figures (1-2). 
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Figure 1. Yield, total phenolic content (TPC) and radical 
scavenging activity (RSA) of ethanolic extract of quinoa 
seeds. 
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Figure 2. Reducing power of quinoa ethanolic extract. 


A significant drop was noticed in Hb, HCT levels; RBC, 
WBCs, and platelets count; and blood indices (MCV, 
MCH, MCHC) as a consequence to CPA intoxication in 
compare to the healthy group. Favorably, administration 
of CPA-pretreated rats with QEE resulted in a marked 
improvement in the mentioned hematological parameters 
close to the healthy values (Table 1). 
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Table 1. Effect of cyclophosphamide and QEE on the level of whole blood indices. 


Control QEE 
Hb (g/dL) 13.14+0.13 12.92 4 
HCT (%) 38.18 + 1.5 39.84 4 
MCV (fl) 53.3 + 0.83 50.68 4 
MCH (pg) 17.64 + 0.24 19.774 
MCHC (g/dL) 33.16 + 0.47 32.96 4 
WBC (10?/ uL) 7.3 £0.54 6.42 4 
PLT (103/uL) 1183 + 26.6 12004 


CPA CPA then QEE 
E 0.17 9.5+0.41* 12.6 + 0.32# 
E 0.54 25.19 + 1.04* 41.74 + 1.2# 
24 4.84 +0.25* 7.52 +0.38# 
E 0.53 36.63+ 0.64 * 56.6 + 1.4# 
E 0.27 12.44 0.17 * 17.14 0.35# 
E 0.46 21.4+ 0.30 * 30.28+ 0.38# 
t 0.42 4.3+ 0.33 * 7.3+ 0.544 
E 33.71 735+ 16.5 * 886+ 21.2% 


Data are presented as mean +standard errorand subjected to one-way ANOVA followed by post hoc test (Duncan) at p< 0.05. CPA is 
cyclophosphamide; QEE is quinoa ethanolic extract; (*) is significantly different from control group; (#) is significantly different from 


CPA group. 


Moreover, the obtained results recorded a significant 
increase in the nonfunctional Hb derivatives (met-Hb, 
Co-Hb and S-Hb) percentage coupled with a significant 
drop in the functional form (Hb-O2) in CPA group. 
Interestingly, post-treatment of CPA-intoxicated rats 
with QEE resulted in marked regulation of these 
nonfunctional hemoglobin derivatives downwards near 
those of normal group, and significantly increased the 
functional derivative (Hb-O2) compared to CPA- 
intoxicated animals (Table 2). 

Table (3) indicated that CPA intoxication induced 
significant elevations in serum ASAT and ALAT 
activities as well as urea and creatinine levels in compare 
to the control group. Meanwhile, post-treatment of 
CPA-intoxicated animals with QEE significantly restored 
the mentioned liver and kidney functions. 

Unlikely, CPA-intoxication led to a significant increase in 
serum cholesterol, triglycerides and LDL level coupled 


with a significant decrease in HDL when compared with 
the control group. Interestingly, post-administration of 
CPA-intoxicated rats with QEE resulted in a marked 
improvement in lipid profile parameters monitored from 
the significant decrease in cholesterol, triglycerides and 
LDL, and the marked increase the HDL level compared 
to CPA-treated animals (Table 4). 

In respect to Table (5), CPA-intoxication induced a 
marked deterioration in the cardiac oxidative stress status; 
evidenced by the significant increase in cardiac MDA and 
NO values coupled with a significant reduction in the 
activity of SOD, GPx and CAT as well as GSH level. In 
a favorable manner, QEE-treatment of animals pre- 
intoxicated with CPA led to a significant drop in cardiac 
MDA and NO levels combined with marked rise in GSH 
level, and SOD, CAT and GPx activities in compare to 
CPA-intoxicated group. 


Table 2. Effect of cyclophosphamide and QEE on hemoglobin derivatives of different variants. 


Control QEE 
Hb-O2 (%) 79.2 + 1.32 98.1 4 
Met-Hb (%) 1.81 + 0.21 1.174 
Co-Hb (%) 0.55+0.17 0.474 
S-Hb (%) 0.24+ 0.08 0.26 4 


CPA CPA then QEE 
t 1.22 86.3 + 1.11* 94.4 + 1.744 
E 0.09 8.8 + 0.24* 4.20 + 0.35# 
0.08 4.51 +0.14* 1.06 +0.06# 
t 0.02 0.39 0.07* 0.31 + 1.344 


Data are presented as mean +standard error and subjected to one-way ANOVA followed by post hoc test (Duncan) at p< 0.05. CPA is 
cyclophosphamide; QEE is quinoa ethanolic extract; (*) is significantly different from control group; (#) is significantly different from 


CPA group. 


Table 3. Effect of cyclophosphamide and QEE on serum ALAT and ASAT activity as well as urea and creatinine levels. 


Control QEE CPA CPA then QEE 
ALAT (U/L) 86.444.22 85.41+3.24 279.4+6.35* 169.4+5.21# 
ASAT (U/L) 130.944.4 124.34+4.12 463.1+7.2* 279.4+5.41# 
Urea (mg/dl) 35.23.64 36.6343.15 96.25+4.99* 58.85+2.89# 
Creatinine (mg/dl) 0.82+0.05 0.7840.07 2.98+0.09* 1.69+0.08# 


Data are presented as mean +standard error, and subjected to one-way ANOVA followed by post hoc test (Duncan) at p< 0.05. CPA is 
cyclophosphamide; QEE is quinoa ethanolic extract; (*) is significantly different from control group; (#) is significantly different from 


CPA group. 
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Table 4. Effect of cyclophosphamide and QEE on serum cholesterol, triglycerides, LDL and HDL levels. 


Control QEE 
CHO (mg/dl) 80 + 2.31 78 + 4.22 
TRG (mg/dl) 72 + 5.92 70 + 5.23 
LDL-C (mg/dl) 4243.66 435.54 
HDL-C (mg/dl) 384 1.45 402.16 


CPA CPA then QEE 
321 +9.65* 163 + 6.66” 
258 + 10.22* 12449.33% 
188 +7.54* 16546.65* 

19 +3.25* 32 + 1.34# 


Data are presented as mean +standard error, and subjected to one-way ANOVA followed by post hoc test (Duncan) at p< 0.05. CPA is 
cyclophosphamide; QEE is quinoa ethanolic extract; (*) is significantly different from control group; (#) is significantly different from 


CPA group. 
Table 5. Effect of cyclophosphamide and QEE on cardiac MDA, NO, GSH, SOD, CAT and GPx. 
Oxidative stress Control QEE CPA CPA then QEE 
MDA (mol/g tissue) 1.22+0.31 1.2640.24 2.48+0.11* 1.45+0.14# 
NO (umol/g tissue) 340421 352427 572438* 403+29# 
GSH (nmol/g tissue) 14.52+1.1 15.02+2.3 9.52+1.7* 11.35+1.6# 
SOD (U/g tissue) 1598+58 1622+61 924+52* 1266+66# 
CAT (U/g tissue) 4.47+0.53 5.02+0.48 2.62+0.36* 3.7940.24# 
GPx(U/g tissue) 27.6+1.03 26.51.12 14.4+1.08* 21.8+1.43# 


Data are presented as mean +standard error, and subjected to one-way ANOVA followed by post hoc test (Duncan) at p< 0.05. CPA is 
cyclophosphamide; QEE is quinoa ethanolic extract; (*) is significantly different from control group; (#) is significantly different from 


CPA group. 


The obtained data showed that a significant increase in 
serum CK and LDH activity in CPA group when 
compared with the control group. Interestingly, 
administration of CPA-intoxicated rats with QEE 
improved serum CK and LDH activity within normal 
values as well as it significantly decreased TNF-a, 
compare to CPA-intoxicated animals' group (figure 3). 
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Figure (4) showed that treatment with CPA displayed a 
significant increase in serum TNF-a, ILI and IL6 level 
when compared with the control group. However, post- 
administration of CPA-intoxicated rats with QEE resulted 
in marked improvement in level of the measured 
inflammatory cytokines (TNF-a, ILIR and IL6) 
compared to CPA-intoxicated animal. 
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Figure 3. Serum CK and LDH activity of control, CPA ®-intoxicated and QEE -treated male albino rats. * is 
significantly different from control group, while # is significantly different from CPA group (p< 0.05). 
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Figure 5. Serum TNF-a, IL1B and IL-6 levels of control, CPA ®-intoxicated and QEE -treated male albino rats. (*) is 
significantly different from control group; (#) is significantly different from CPA group (p< 0.05). 


Discussion 


Cyclophosphamide® (CPA) is a cytotoxic drug that is 
highly effective in the treatment of various human 
cancers particularly lymphomas and some types of 
leukemia and autoimmune diseases. The clinical utility of 
the oncolytic agent has been hampered by dose-limiting 
toxicities; one of the most frequent complications is 
myocarditis [27]. This study aimed to investigate the 
ameliorating potential of QEE on hemato-cardiotoxicities 
accumulated as consequence to CPA-therapy in rats. 

In the present study, CPA administration significantly 
increased the activities of serum LDH, CK, ASAT and 
ALAT; this result is in accordance with the studies of 
Bhatt et al. [28] and Omole et al. [29]. It was stated that 
CPA is a cardiotoxic agent inducing a direct myocardial 
endothelial damage and destruction of myocardial cells; 


thus LDH, CK and ASAT were raised. Similarly, CPA is 
a hepatotoxic chemical that metabolized into a toxic 
metabolite (acrolein) that could deteriorate the cellular- 
integrity and membrane-permeability of hepatocytes 
leading to leakage of hepatic ASAT and ALAT to blood 
stream [30]. These pathophysiological changes might be 
due to the overproduction of reactive oxygen species 
during CPA-treatment, which cause membrane injury by 
triggering the production of lipid peroxidation that result 
in loss of function and integrity of myocardial and 
hepatocytes membranes [31]. Thus, this effect might be 
due to the CPA toxic metabolite; acrolein [32]. 

It was reported that Quinoa seeds contain considerably 
high vitamin E, iron, zinc and magnesium as well as 
phytosteroids [33]. Also, Abugoch [34] stated that there 
are antioxidant compounds such as_ polyphenols, 
phytosterols and flavonoids in quinoa seeds; these 
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substances may be related with these effects herein. 
Matsuo [35] demonstrated that the use of QEE can also 
be beneficial for increasing the production of cardiac 
antioxidant enzymes. This exhibition is related with the 
reduction of harmful effects caused by free radicals on the 
human body, which it leads to a reduced endothelial 
alterations (endothelial dysfunction) and decreased 
oxidation of LDL-c molecules, and hence, reduces the 
risks for vascular diseases [36]. 

Intoxication with CPA led to significant deteriorations in 
all hematological measurements monitored from the 
reduced RBCs count, hematocrit percentage, MCV, MCH 
and MCHC leading to a condition of hypochromic- 
microcytic anemia that resulted in a dependent degree of 
tissue hypoxia, especially heart and brain tissues. This 
was in accordance with Stalin and Kumar [37] who 
reported that CPA exhibiting adverse-effects on blood 
and bone marrow due to interaction of its active 
metabolites with the hematopoietic tissues which 
subsequently cause depression of the hematopoietic 
activities. Furthermore, CPA caused decrease in these 
measurements due to immunosuppressive effect of CPA 
and retarded haematopoeisis and /or interaction of CPA 
active metabolic with proteins of the erythrocytes 
membranes leading to elevation of RBCs destruction rate 
and decrease in Hb synthesis; hence decline in MCV 
(microcytosis), MCH and MCHC (hypochromasia) [38] 
resulting finally in a case of hypochromic-microcytic 
anemia which mainly a manifestation of iron-deficiency. 
It could seated that CPA may inhibit either absorption or 
assimilation of iron. 

With respect to the results of hemoglobin derivatives of 
different ligands, CPA intoxication resulted in a 
significant increase in the non-functional hemoglobin 
derivatives (met-Hb, S-HB and Co-Hb) coupled with a 
marked drop in the functional derivative (Hb-O2) 
indicating that CPA induced oxidative stress on red blood 
cells. 

It was stated that free radicals attack microsomal lipids 
leading to their peroxidation and also covalently bind to 
microsomal lipids and proteins; this leads to generation of 
reactive oxygen species (ROS), including superoxide 
anion O*-2, H202 and the hydroxyl radical [39, 40]. 

Direct exposure to molecular oxygen and circulating 
components in the blood and the loss of the de novo 
synthesizing capacity of new enzyme molecules during 
maturation put the erythrocytes at high risk of damage by 
superoxide anion and H202 molecules. These reactive 
molecules are involved in lipid peroxidation [41], the 
oxidation of thiol-groups of enzymes [42] and the 
oxidative degradation and denaturation of Hb [43]. The 
oxidized hemoglobin (met-Hb) then precipitates and 
covalently binds to the interior erythrocytes membrane, 
forming Heinz bodies that distorts the cell membrane and 
results in increased erythrocytes fragility and hemolysis 
[44]. Also, CPA significantly affects the quantity and 


function of Hb molecule whereas total Hb and Oxy-Hb 
contents decreased significantly concomitant with 
significant increases in Met-Hb, Sulf-Hb and Carboxy-Hb 
contents. These changes may, therefore, is a consequence 
of the increase in oxidative stress which caused by free 
radicals generated during the metabolic degradation of 
CPA. Erythrocytes under oxidative stress, there is a 
considerable rise in the level of Met-Hb, which is known 
to be incapable of reversible oxygen binding [45]. Met- 
Hb is formed when the ferrous porphyrin complex of Hb 
is oxidized into the ferric form [46]. Jn vivo, Met-Hb is 
predominately reduced by the NADH cytochrome b5- 
Met-Hb reductase system, and minor pathway such as the 
NADPH-dependent Met-Hb reductase [47]. It was 
suggested that NADPH concentration may be important 
in preventing Met-Hb generation. Loss of NADPH and 
glutathione (GSH) are thought to account for the 
enhanced rates of Met-Hb generation and lipid 
peroxidation [48]. The free radicals may also induce 
conformational changes in Hb molecule and make it 
susceptible to bind unfavorable ligands other than oxygen 
such as carbon monoxide (CO) and sulphur (S). QEE 
improved the hemoglobin function, quantitatively and 
qualitatively, since it could elevated total Hb and Oxy-Hb 
contents and reduced met-Hb, S-Hb and Co-Hb level. 
These data further confirm the antioxidant potential of 
QEE. This may in turn improves liver function and 
consequently improves the synthesis of the antioxidant 
enzymes and the reduced glutathione required for 
erythrocytes protection. A correlation analysis previously 
demonstrated a strong relation between the healthy state 
of the liver and erythrocytes function; our study found a 
significant negative correlation between the blood indices 
and cardiac MDA and NO level, while positive 
correlation with the SOD, CAT, GPx and GSH. Total Hb 
and Oxy-Hb contents also correlated negatively while 
Met-Hb, S-HB and Carboxy-Hb correlated positively 
with the cardiac MDA level (data unpublished). These 
results are in accordance with Abdel-Wahhab et a/ [49]. 
The anti-hematotoxic effect of QEE against CPA-induced 
hematotoxicity was significantly observed as it succeeded 
in restoring the blood indices close to its control levels. 
QEE is rich in various polyphenolic compounds [50]; 
presence of these polyphenols contributes significant role 
in improving the antioxidant voltage of the body against 
CPA active metabolites and the liberated radicals as well; 
thereby reversing/ameliorating the anemic condition 
induced by CPA. This might refer to reversal of bone 
marrow depression thus improving hematopoeitic activity 
of the cells. It improved the integrity of erythrocyte 
membranes through the antioxidant potential, thereby 
reducing hemolysis. In addition, the quinoa extract may 
enhance protein synthesis which leads to increase in Hb 
level and consequently results to improve MCV, MCH 
and MCHC values and RBC. 
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In addition, intoxication with CPA recorded a significant 
decrease in the antioxidant battery, evidenced by the drop 
in SOD, CAT, GPx and GSH values, giving multi- 
chances to cause membrane-injury which resulted in 
increased level of the oxidative markers (MDA and NO); 
leading to loss of function and integrity of myocardial 
membrane [51]; excess free radical generation mediated 
by lipid peroxidation causes increased glutathione 
consumption. The marked decrease in SOD, CAT, GPx 
and GSH values promotes the formation of hydroxyl 
radicals, and initiation and propagation of lipid 
peroxidation. However, it is suggested that the decrease 
in the activities of these antioxidant markers is a 
consequence of increased oxidative stress in the cardiac 
tissues due to the overproduction of active reactive 
oxygen species [52]. 

Treatment of CPA-intoxicated animals with QEE restored 
level of GSH and the antioxidant battery (SOD, CAT, and 
GPx) and reduced the levels of oxidative markers (MDA 
and NO) in the cardiac tissues near those of control ones, 
indicating a ameliorating effect of QEE against CPA- 
mediated reactive oxygen species. This effect might be 
due to QEE-ability to decrease oxidative stress and 
preserve the activity of antioxidant enzymes as well as its 
ability to inhibit lipid peroxidation hydroxyl radical [53]. 
Another possible mechanism could be considered that is 
the possible QEE ability to correct deficient thiol status of 
the cardiac cells by increasing the synthesis of GSH. 
Also, QEE has a strong antioxidant effect, as it may 
decrease lipid peroxidation in the heart tissue and prevent 
free radicals induced-damage to the myocardium by its 
free radical scavenging effect that possibly mechanized 
through polyphenols, phytosterols, and flavonoids in 
QEE. [54]. It was demonstrated that GSH has a potential 
effect to reduce CPA-induced lipid peroxidation and also 
increase therapeutic index of the drug by way of reducing 
its toxicity that may be mediated through free radical 
mechanisms [55]. 

Proinflammatory cytokines reflect the degree of 
inflammation. CPA administration induced significant 
increases in serum TNF-a, IL- 18, IL-6 levels. This 
finding is similar to that recently reported by Lixin [56]. 
The elevated levels of circulatory inflammatory cytokines 
are in consistent with the recorded significant up- 
regulation of NF-KB, induced by ROS, which is well 
known to regulate the expression of various genes 
including inflammatory cytokines and iNOS [57]. CPA 
promoted up-regulation of NF-kB and iNOS with 
subsequent production of NO. Treatment of rats with 
QEE potentially ameliorated CPA-induced-inflammation 
through down regulation of NF-xB and iNOS expression, 
and attenuation of pro-inflammatory cytokines 
production. This interesting exhibition provides strong 
evidence on the anti-inflammatory efficacy of QEE, 
which is one of the significant mechanisms for reduction 
of drug-induced cardio-hematotoxicity. The anti- 


inflammatory behavior of QEE may be mechanized 
through the considerably high vitamin E, iron, zinc and 
magnesium contents [33]; saponins, polyphenols, 
flavonoids and phytosteroids [34] related with the effects 
of reduction of inflammation. 


Conclusion 

Administration of QEE post-CPA intoxication succeeded 
in amelioration of the hematopoeitic and cardiac induced- 
deteriorations. This exhibition might be mechanized by 
free radical scavenging, increased activity of the 
antioxidant defense systems, and membrane stabilizing 
properties due the antioxidant constituents present in 
QEE. As QEE has been used extensively as an additive 
therapy and traditional medicine for several diseases, it 
could be a potential candidate for a safe supplemental 
agent against xenobiotic toxicity. 
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